To compare work of breathing and breathing asynchrony during bubble nasal continuous positive airway pressure (NCPAP) vs variable-flow (VF)-NCPAP in premature infants.
Introduction
Increased concern about volutrauma in ventilator-supported preterm infants and efforts to prevent bronchopulmonary dysplasia have resulted in renewed interest in use of nasal continuous positive airway pressure (NCPAP). 1, 2 These concerns, combined with the advent of novel CPAP delivery methods and devices, 3, 4 have once again elevated NCPAP to a cornerstone of respiratory support in neonates.
A variety of ''variable-flow'' (VF) and ''continuous-flow'' (CF)-NCPAP devices are currently employed in intensive care nurseries. CF-NCPAP can be generated with either an infant ventilator or a ''bubble'' device. Bubble NCPAP has recently gained wider clinical use because of its low associated cost and simplicity. It employs binasal prongs and creates CPAP by submersing the expiratory limb of the respiratory tubing underwater to the depth in centimeters for the desired CPAP pressure. Warmed, humidified gas is continuously provided through the inspiratory limb using a blender and flowmeter. In contrast, VF-NCPAP employs both specially designed binasal prongs as well as a free-standing flow source. Here, NCPAP levels are changed by adjusting the gas flow rate, and the internal prong design leads to gas flow entrainment towards the baby during inspiration and shunts it away during expiration. These two flow characteristics will potentially reduce inspiratory and expiratory work of breathing (WOB), respectively.
Objective comparative data to guide clinicians in their choice of NCPAP type are limited, especially for bubble NCPAP. We have previously shown that VF-NCPAP reduces WOB and breathing asynchrony more than does CF-NCPAP generated with an infant ventilator. 5, 6 The corresponding bubble NCPAP vs VF-NCPAP comparison has not been reported. The purpose of this study was to compare the work of breathing and breathing asynchrony, as well as changes in compliance, tidal volume, and respiratory rate, between bubble NCPAP and VF-NCPAP in preterm infants <1500 g birth weight.
Materials and Methods Patients
We enrolled 18 preterm infants at two centers: 11 at Cooper Hospital/University Medical Center and seven at Schneider Children's Hospital. The study was approved by the Institutional Review Board at both sites and signed informed consent was obtained from parent(s) or guardian(s) prior to the study.
Sample size calculations indicated that 18 subjects randomized to order of devices would be sufficient to reject the hypothesis of equivalent means between devices with 80% probability using an alpha of 0.05, given that means differed by at least 50%. Mean and variance parameters were taken from our previous studies. 5, 6 Sample size requirements were determined using the PASS 2000 software for a repeated measures ANOVA design.
Infants were eligible for study if <1500 g birth weight, <28 days of age, and medically stable but requiring NCPAP for mild respiratory distress. Infants were excluded if requiring Z40% oxygen, as the study required a brief period (30 to 60 seconds) off oxygen for equipment calibration. Infants with major congenital anomalies were also excluded. Each of the 18 infants was studied on both devices F applied in random order F with nine started on bubble and nine started on VF-NCPAP. Random sequence was determined by a sealed envelope drawn prior to start of measurements. A period of about 15 minutes between the two sets of measurements included device change and stabilization periods. Investigators were not blinded to the NCPAP device type at time of measurement.
Bubble NCPAP was provided using Hudson NCPAP binasal prongs (Hudson Respiratory Care, Inc., Temecula, CA) as depicted in Figure 1 . The expiratory limb of the respiratory circuit (Airlife Isothermal Breathing Circuit, Allegiance Healthcare Corp., McGaw Park, IL) was placed in a graduated canister made for provision of bubble NCPAP (Airways Development LLC, Kenilworth, NJ). The canister was filled with sterile water and the tubing adjusted to provide NCPAP level (submersion of 6 cm ¼ 6 cmH 2 O NCPAP). Warmed, humidified gas was provided at a flow (5 to 7 lpm) that would produce continuous active bubbling within the canister. VF-NCPAP was provided using the Infant Flow System (SensorMedics Corp., Yorba Linda, CA). Prongs used for both devices were the largest size that would easily fit into the infant's nares without blanching surrounding tissue.
Replica hardware and data acquisition systems were used at both study sites. The utilized analysis methods were also identical and are as described elsewhere in detail. 5, 6 Briefly, abdominal and chest wall movements were recorded using calibrated respiratory inductance plethysmography (RIP) (Respiband Plus and Respitrace, SensorMedics Corp., Yorba Linda, CA). Calibration of RIP was carried out using face mask pneumotachography (Hans Rudolph, Inc., Kansas City, MO) as previously described. 7 Pleural pressures were estimated using an esophageal balloon catheter (Ackrad Laboratories, Cranford, NJ) with validation of proper placement using the occlusion technique. Data were collected at 100 Hz using the Biopac MP100 data acquisition system (Biopac Systems, Inc., Santa Barbara, CA).
Infants were studied supine, without sedation, and after feeding whenever possible. After instrumentation and calibration of RIP, NCPAP of 8 cmH 2 O was initiated, for comparable lung recruitment in all the infants. After a stabilization period of 5 to 10 min, data were collected continuously, and breaths during quiet breathing within the last 30 second epoch were analyzed. NCPAP level was then decreased to 6, 4, and then 0 cmH 2 O. Here, too, a 5 to 10 minute stabilization period at each level was utilized, and the data from the last 30 second epoch were analyzed.
Calibrated RIP tracings and transpulmonary pressure changes (DP tp ) obtained from the esophageal pressures tracings were used to obtain weight-adjusted tidal volume (V T , ml/kg), respiratory rate (RR), minute ventilation (V E ), and lung compliance (C L ¼ V T /DP tp ). Additionally, phase angle (y, in degrees, time lag between chest and abdominal movement) was calculated from RIP tracings. Finally, V T and P tp were used to calculate inspiratory and resistive work of breathing (WOB insp and RWOB) as previously described.
5-7 Although all infants were started at an NCPAP level of 8 cmH 2 O to attempt equal lung recruitment, equal recruitment could not be consistently assumed and in fact was unlikely due to infant crying, sighs, and apneic spells. To better control for variable lung recruitment and lung mechanics differences among infants all study parameters were referenced to a common point (VF at 8 cmH 2 O) such that all VF-NCPAP at 8 cmH 2 O measurements ¼ 1.0. Briefly, (1) VF was chosen as the ''gold standard'' based on our previous studies where it was found to be superior (increased recruitment, decreased work of breathing) to the CF ventilator-provided CPAP, 5, 6 (2) the 8 cmH 2 O setting was preferred as the reference point because it was uniformly used as the starting CPAP setting at which babies were stabilized prior to commencing measurements F irrespective of device. Statistical evaluation was performed using referenced values. Mean work of breathing measures between devices were compared at each NCPAP level using a repeated measures analysis of variance. Analyses were performed using the MIXED procedure in SAS, Version 9.0.
Results
Baseline characteristics of all infants F and the separate site cohorts F are outlined in Table 1 . (Figures 2-4) .
Significance
NCPAP has been used in neonatal intensive care units for over 30 years. 8, 9 It has multiple beneficial effects including prevention of airway collapse, reduction of apnea, and reduction of inspiratory resistance. 10 Recently, interest in use of NCPAP has increased dramatically as evidence mounts that mechanical ventilation contributes to lung damage 1, 11 and that intubation may not be necessary in some cases when early NCPAP is applied. 12 However, evidence for the most appropriate use of NCPAP is sparse. Many studies of NCPAP were performed prior to routine use of prenatal steroids and postnatal exogenous surfactant. A recent Cochrane review supports the use of NCPAP to prevent extubation failure in preterm infants, 13 but many other questions remain, particularly regarding early use, exclusive use, and appropriate device.
De Paoli and coworkers recently reviewed available literature on devices and pressure sources for administration of NCPAP. They concluded that short binasal prongs are more effective in reducing extubation failure than single prongs.
14 In a randomized trial, Stefanesco et al found no difference in extubation failure whether infants were treated with VF or conventional NCPAP. 15 However, Mazzella et al. 16 in a smaller randomized trial found decreased oxygen requirement and respiratory rate with VF compared to conventional NCPAP, as well as a higher successful extubation rate. Our group has demonstrated that VF-NCPAP recruits lung volume more effectively and significantly reduces the WOB when compared to conventional ventilator-generated NCPAP in preterm infants with mild respiratory distress. 5, 6 Bubble NCPAP was described by Gregory and used in many NICUs prior to the availability of infant ventilators. 8 Currently there is renewed interest in bubble NCPAP due to its low cost and ease of application. Bubble NCPAP is a form of continuous flow NCPAP; CPAP level is adjusted by adjusting the length of expiratory tubing placed underwater; flow is sufficient to generate constant bubbling. Questions have been raised as to whether the bubbling creates additional benefit by promoting gas exchange and possibly decreasing the WOB. 4 However, a study by Blackson et al. 17 revealed no measurable oscillatory effect in vitro at flows of under 10 lpm, as well as no ventilatory effect in vivo different from conventional CF NCPAP. High and low bubbling achieved by varying the flow rates also does not appear to influence gas exchange, 18 and preliminary data show no differences in clinical outcome with bubble versus conventional NCPAP. 19 We designed our study to evaluate WOB and related respiratory parameters during bubble NCPAP. We chose VF-NCPAP as our comparison system, as we have previously shown that WOB is less with this form of NCPAP than with conventional CF-NCPAP. We found RR, phase angle, and RWOB to be increased with bubble NCPAP as compared to VF-NCPAP. However, these findings raise some interesting points. The difference in RR, though statistically significant in favor of VF-NCPAP is not likely to be clinically significant, as neither V T ml/kg or V E were different between groups. Although phase angle and RWOB favored VF-NCPAP, W insp was not different between groups. This may be explained by (a) relatively small effects on inspiratory work; or (b) the differences in RWOB and asynchrony may be mostly relevant during expiration, as both measurements are ''whole breath'' assessments, including both inspiration and expiration. Both factors may have significant implications over a longer time period, which could not be addressed in this study. Findings of decreased RWOB and asynchrony with VF-NCPAP are consistent with the design of this NCPAP system. Specifically, it provides a stable mean airway pressure and diverts expiratory flow away from the infant airway (Coanda effect); both effects are believed to contribute to decreased WOB. 3, 20, 21 Although our results support our previous work and indicate a lower WOB and less respiratory asynchrony with VF-NCPAP, WOB with bubble NCPAP was not as markedly increased as we expected it might be, given our previous comparison of VF-NCPAP and conventional CF-NCPAP. 6 In that study, both W insp and RWOB were significantly lower with VF-NCPAP as compared to conventional ventilator-generated NCPAP. This raises the interesting question of whether bubble NCPAP is more advantageous, (e.g., less labored breathing), compared to ventilator-generated NCPAP, and if so, how and for what reasons. Another limitation of our study results is that they were obtained for only a short time span. It is not possible to draw conclusions about long-term clinical importance from statistically significant short-term physiologic studies. Better delineation of the importance of these findings await studies of longer duration with evaluation of clinical outcomes.
In conclusion, bubble NCPAP is associated with greater breathing asynchrony and RWOB than VF-NCPAP in preterm infants with mild respiratory distress. However, bubble NCPAP may provide an advantage over conventional continuous flow NCPAP. This comparison and longer term NCPAP trials to better ascertain clinical effects are needed.
